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STATEMENT  OF  MISSION 


i 

The  mission  of  the  Spectrum  Management  Branch  is  to  assist  the  Department  i 

of  State,  National  Telecommunications  and  Information  Administration, 

and  the  Federal  Communications  Commission  in  assuring  the  FAA's  and  the 

nation's  aviation  interests  with  sufficient  protected  electromagnetic 

telecommunications  resources  throughout  the  world  and  to  provide  for  the 

safe  conduct  of  aeronautical  flight  by  fostering  effective  and  efficient 

use  of  a  natural  resource  -  the  electromagnetic  radio  frequency  spectrum. 

This  objective  is  achieved  through  the  following  services: 

.  Planning  ar.u  attending  the  acquisition  and  retention  of  sufficient 
radio  frequency  spectrum  to  support  the  aeronautical  interests  of  the 
nation,  at  home  and  abroad,  and  spectrum  standardization  for  the  world's 
aviation  community. 

.  Providing  research,  analysis,  engineering,  and  evaluation  in  the 

development  of  spectrum  related  policy,  planning,  standards,  criteria, 
measurement  equipment,  and  measurement  techniques. 

.  Conducting  electromagnetic  compatibility  analyses  to  determine  intra/ 

intersystem  viability  and  design  parameters,  to  assure  certification  of  { 

adequate  spectrum  to  support  system  operational  use  and  projected  growth  i 

patterns,  to  defend  aeronautical  services  spectrum  from  encroachment  j 

by  others,  and  to  provide  for  the  efficient  use  of  the  aeronautical 
spectrum. 

.  Developing  automated  frequency  selection  computer  programs/routines 
to  provide  frequency  planning,  frequency  assignment,  and  spectrum 
analysis  capabilities  in  the  spectrum  supporting  the  National 
Aitspace  System. 


.  Providing  spectrum  management  consultation,  assistance,  and  guidance 

to  all  aviation  interests,  users,  and  providers  of  equipment  and  services, 
both  national  and  international. 
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chatter  1  :  Introduction 


I ho  purpose  of  this  project  was  to  deteraioe  as  closely 
as  possible  the  interference  characteristics  of  typical  ADF 
systeas  on  the  aarket  today.  The  resulting  data  is  to  be 
used  by  the  Federal  Aviation  Administration  (FAA)  to  revise 
the  criteria  for  adjacent  channel  and  cochannel  Non- 
Drrcctional  Beacon  (MCE)  frequency  assignaeut. 

lhe  scope  of  the  tests  performed  for  this  project 
include  verification  of  the  aanuf acturers 1  specifications 
tor  the  ADF  systeas  and  aeasureaent  of  the  interference 
susceptibility  of  the  systeas. 

This  report  exaaines  previous  work  in  the  area  of  ADF 
interference  susceptibility  testing,  evaluates  the  problens 
created  by  prior  errors  and  the  never  generation  of  ADF 
systeas,  and  describes  an  effort  to  acquire  interference 
susceptibility  data  froa  todem  receivers.  The  results  are 
analysed  in  the  final  chapters,  and  recoaaendatious  are  Bade 
based  on  these  results. 


Chapter  2  :  Previous  Hock 

Ihe  aost  relevant  nock  done  to  date  on  the  subject  of 
AOf  receiver  interference  susceptibility  testing  is 
described  in  two  reports  by  Hilliaa  A .  Kissick  [1,2],  the 
first  deals  with  AOF  receiver  susceptibility  to  interference 
froa  Power  line  Carrier  systeas,  and  the  second  is  a  test 
plan  tor  deternining  ADF  receiver  interference 
susceptibility .  Both  refects  have  their  drawbacks,  which 
are  dealt  with  in  chapter  tour.  This  chapter  provides  a 
soaaazy  of  the  relevant  areas  of  the  Power  Line  Carrier 
interference  report  and  the  test  plan. 

Power  Line  Carrier  (PLC)  systeas  are  used  by  the  power 
coapany  to  facilitate  internal  caaaunicatious,  renotely 
control  switches,  and  to  perfora  other  related  functions.  A 
PLC  systea  consists  of  transaitters  and  receivers  coupled  to 
power  transaission  lines  by  aatching  networks.  Because  of 
the  physical  characteristics  of  the  transaission  lines,  a 
fairly  low-leakage  transaission  path  is  foraed.  The 
frequency  band  acst  coaaonly  used  for  PLC  transaissions 
covers  the  range  of  30  to  300  kHz,  although  frequencies  as 
high  as  afaout  50C  kHz  are  occasionally  used.  The  injected 
power  levels  being  considered  range  froa  a  fraction  of  a 
watt  to  several  hundred  watts.  Host  currently  used  systeas 
are  Halted,  however,  to  a  few  tens  of  watts  of  injected 
signal. 
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The  possibility  of  interference  to  the  ADP  systen  by 
direct  radiation  cf  the  ELC  is  otwious.  Investigations  of 
several  plane  crashes  in  both  Europe  and  the  Onited  States 
have  listed  ELC  interference  as  a  possible  cause  of  the 
crash.  The  EL C  interference  report  lists  a  set  of  suggested 
criteria  for  the  siting  and  freguency  assignaent  of  loo* 
Oirectioual  Beacon  (MDfi)  transaitters  so  as  to  reduce  the 
probability  of  this  type  of  interference. 

The  ELC  interference  report  also  lists  a  set  of  EOF 
interference  susceptibility  test  data  taken  in  a  laboratory 


situation 

with 

the 

transaitter 

and 

antenna  systens 

siaulated. 

Due 

to 

errors  in 

the 

laboratory  test 

configuration  which  ace  described  in  chapter  four  of  this 
report,  the  receiver  susceptibility  data  in  the  ELC 
interference  report  is  not  reliable.  The  test  configuration 
in  the  ELC  interference  report  is  very  siailac  to  the  one  in 
the  test  plan  of  reference  two. 

The  interference  susceptibility  test  plan  is  a  docuaent 
describing  a  conplete  procedure  for  an  analysis  of  the 
susceptibility  of  ACF  receivers  to  interference  in  the 
presence  of  desired  and  undesired  signals.  Included  are 
three  test  configurations  and  appropriate  sets  of  varied 
test  conditions  to  deteraine  the  perfornance  of  the  receiver 
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in  ter as  of  indicated  bearing  error  for  aost  possible 
coatinations  of  desired  and  undesired  signals.  Also  included 
are  snggestions  for  the  display  of  the  aeasured  data  and  a 
set  of  foras  fcr  recording  the  data  in  the  laboratory. 

Ihe  "antenna  siaulatcr"  boxes  referred  to  in  this 
report  are  devices  which  siaulate  the  loop  and  sense  signals 
froa  the  ADI  systea  antennas.  They  are  calibrated  in  such  a 
aanner  that  an  input  signal  of  one  aicro-Volt  at  the  input 
port  will  produce  the  sane  voltages  at  the  input  ports  of 
the  receiver  as  the  noraal  AC F  antennas  would  when  a  field 
of  one  aicco-Volt  per  neter  was  present.  This  allows  the 
siaulated  transaission  and  reception  of  the  desired  and 
undesired  signals  in  the  laboratory  without  the  necessity  of 
radiating  actual  signals.  This  is  a  treaendous  advantage 
when  one  considers  the  alternative:  build  an  BF  cage  with  a 
set  of  radiating  eleaents  and  a  section  of  airplane  fuselage 
inside  to  siaulate  the  transaission  in  free  space.  The 
problea,  however,  is  that  AOF  antennas  vary  considerably, 
and  that  no  single  siaulator  can  correctly  siaulate  tbea 
all.  This  will  be  given  further  consideration  in  chapter 
four. 


The  first  configuration  (Figure  2.1)  siaulatcs  the 
arrival  of  the  desired  and  undesired  signals  froa  directions 
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Signal  Generator 


Figure  2.1  Test  set-up  for  simulating  the  arrival  of 
the  desired  and  undesired  signals  from  two 
directions  differing  by  90  degrees. 


Signal  Generator 


f 

\ 


Figure  2.2  Test  set  up  for  simulating  the  arrival 
of  the  desired  and  undesired  signals 
from  the  same  direction. 
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differing  by  90  degrees.  This  provides  a  "worst  case" 
situation  to  the  receiver  in  teres  of  bearing  error  since 
the  signals  are  arriving  in  space  quadrature.  Thus,  the 
bearing  needle  can  be  expected  to  point  at  the  desired 
station,  the  undesired  station,  or  soaewhere  in  between.  The 
desired  signal  is  fed  into  the  receiver  through  the  EASf- 
HEST  loop  and  the  undesired  signal  is  entered  through  the 
NGHIH-SQUTH  loop.  The  siaulated  sense  coeponents  are  sueaed 
and  fed  into  the  sense  input  terainals  of  the  receiver. 

The  second  couf iguratioa  {Figure  2.2)  siaulates  the 
arrival  of  the  desired  and  undesired  signal  froa  the  saae 
direction.  This  condition  aay  not  be  likely  to  cause 
bearing  error  but  aay  cause  probleas  with  the  pilot's 
ability  to  identify  the  beacon  because  of  heterodynes  or 
capture  effect. 

The  third  conf iguraticn  {Figure  2.3)  siaulates  the 
arrival  of  the  desired  signal  froa  differing  directions. 
This  allows  such  phencaenon  as  re-radiation  froa  standing 
structures  and  geographical  features  (aulipath)  to  be 
investigated. 

Dote  that  only  the  first  configuration  was  used  in  the 
perforaance  of  this  contract. 
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Figure  2.5  Data  recording  forr.  for  the  configuration  of  Figure 


1  From  Two  Directions 
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2.6  Data  recording  form  for  the  configuration  of  Figure 


Ihe  plan  also  includes  a  set  of  fores  foe  recording  the 
data  iroa  each  configuration.  These  sheets  are  then  to  be 
included  in  a  log  book  of  neasured  data.  Figures  2.4,  2.5, 
and  2.6  ace  saaples  of  these  data  sheets.  Dote  that  data  is 
recorded  with  respect  to  only  three  variables:  the 
difference  in  freguency,  the  undesired  signal  level,  and  the 
bearing  error.  All  other  vacxables  are  held  constant  for 
that  particular  set  of  aeasureaents. 
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Chapter  3  :  Description  of  Becessary  Receiver  Tests 


There  are  tvo  parts  to  be  considered  in  the  receiver 
testing.  These  are:  Verification  of  the  ability  of  the 
receiver  tc  perfoca  according  to  the  aanuf acturer 's 
specifications,  and  deteraination  of  its  susceptibility  to 
interference.  This  is  only  logical  since  a  receiver  vhich 
■ill  not  perfora  according  to  its  listed  specif ications  will 
not  give  representative  data  Hhen  it  is  tested  for 
interference.  This  chapter  provides  a  brief  description  of 
the  tests  involved  in  each  part,  and  an  idea  of  uhat  they 
aean. 


There  are  four  types  of  tests  vhich  aust  be  done  in 
order  to  verify  that  the  receiver  is  perforaing  according  to 
the  aanuf acturer 's  specifications.  These  are:  Selectivity, 
Sensitivity,  laage  Rejection,  and  A£ f  Bearing  Error. 

Selectivity  is  a  aeasure  of  the  receiver's  ability  to 
reject  undesired  signals.  A  receiver  is  said  to  have  good 
selectivity  Hhen  the  received  bandvidtb  is  just  sufficient 
to  pass  the  desired  signal  treguency  and  its  aodulation 
sidebands.  A  receiver  is  said  to  have  poor  selectivity  vben 
the  received  bandvidtb  is  so  vide  as  to  allav  adjacent 
chanuel  signals  and  noise  to  be  received  along  uith  the 
desired  signal.  The  selectivity  of  the  IDF  receiver  is  the 
aajur  deternining  characteristic  of  its  susceptibility  to 
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Sensitivity  is  a  neasure  of  the  signal  level  which  nust 
he  provided  to  the  receiver  terminals  in  order  foe  it  to 
function  properly.  If  a  ceceivec  lacks  sufficient 
sensitivity  it  nay  not  he  able  to  ceceive  the  beacon 
signals,  particularly  at  the  Units  of  the  coverage  area. 

Inage  Rejection  is  a  neasuce  of  the  ability  of  the 
ceceivec  to  reject  signals  on  its  "mage"  frequencies.  An 
mage  frequency  is  that  frequency  (in  a  superheterodyne 
receiver)  which  is  displaced  fron  the  local  oscillator  by  an 
anouut  equal  tc  the  first  internediate  frequency  in  the 
direction  opposite  to  that  of  the  desired  signal.  For 
instance,  it  the  first  IF  cf  the  receiver  is,  say  455  kHz, 
and  the  desired  signal  is  at  255  kHz,  then  the  local 
oscillator  nust  run  at  200  kHz.  This  would  wean  that  the 
inage  frequency  corresponding  to  255  kHz  in  this  receiver 
would  fall  at  655  kHz.  Ibis  inage  frequency  is  in  the  AN 
broadcast  band,  which  neans  that  if  the  receiver  has  very 
poor  inage  rejection,  and  the  aircraft  it  is  installed  in 
were  to  fly  in  the  vicinity  of  a  broadcast  station  operating 
in  the  vicinity  of  655  kHz,  then  it  is  very  likely  that 
interference  would  result. 


Beating  error  is  the  error  induced  in  the  ADf  pointer 
needle  by  the  receiver.  The  receiver  is  tested  for  Beating 
Error  by  providing  signals  to  the  receiver  input  terainals 
vith  the  proper  amplitude  and  phase  relationships  to 
snulate  a  given  bearing  and  recording  the  difference 
betaeen  the  siaulated  and  the  indicated  bearing.  Obviously 
this  is  a  very  iaportant  factor  in  ADf  receiver  perforaance. 
The  aaiiaua  allowable  bearing  error  is  three  degrees  £5]. 

There  are  two  major  things  to  be  considered  in 
deteraining  the  interference  susceptibility  of  an  ADF 
receiver.  These  are:  the  tearing  error,  and  the  signal  ♦ 
noise/noise  ratio  (or,  the  signal  to  signal  ratio).  Given 
receivers  which  are  perforiing  properly,  this  infornation 
taken  under  various  test  conditions  will  produce  a  data  base 
froa  which  typical  receiver  perforaance  can  be  deterained. 
These  aeasureaents  are  usually  taken  with  both  the  desired 
and  the  undesired  signal  present,  differing  in  angles  of 
ar' <  •  *  i  by  90  degrees.  This  provides  a  "worst  case" 
situation  to  the  receiver  £5]. 

After  verifying  that  the  receiver  perforns  according  to 
specs,  we  can  proceed  to  evaluate  its  susceptability  to 
interference  froa  undesired  signals.  The  bearing  error  test 
is  a  aeasureaent  which  determines  the  error  induced  in  the 
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ADF  bearing  needle  by  the  undesired  signal.  Ibis  bearing 
error  test  is  distinctly  different  fron  the  one  Bade  in  tbe 
perforaance  verification  in  that  tbe  bearing  error  being 
aeasured  here  is  that  which  is  generated  by  the  presence  of 
the  undesired  signal,  not  just  that  generated  by  the 
inherant  inaccuracies  of  the  receiver  hardware.  Hy  varying 
the  proxiaity  of  the  undesired  to  the  desired  signal  in 
freguency,  aaplitude,  and  lodulation  type  and  recording  the 
resulting  error,  the  bearing  error  data  base  is  forned. 

the  signal  *  noise/noise  ratio  test  deteraines  the 
ability  of  the  pilot  to  recognize  the  MDB  station  identifier 
with  the  receiver  in  BECEIVf  node.  If  the  pilot  cannot  pick 
the  tone~aodulatcd  Horse  code  out  of  the  heterodynes  or 
other  effects,  he  cannot  be  sure  that  the  receiver  is 
tracking  the  proper  signal.  If  the  signalvnoise/noise  ratio 
in  the  receiver  audio  drops  below  6  dE  (the  ainiaua  level 
considered  usable),  then  an  interference  condition  exists 
£3].  These  aeasvreaents  are  taken  along  with  the  bearing 
error  aeasureaents  and  added  to  the  data  base  for 
evaluation. 
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Chapter  4  :  Probleas  Encountered 

There  were  several  probleas  encountered  during  the 
progress  of  this  project.  The  probleas  can  be  broken  down 
into  two  categories:  probleas  with  the  design  of  the  test 
plan,  and  probleas  with  the  receiver  and  test  set-up 
hardware.  lhe  first  part  of  this  chapter  deals  with  the 
foraer,  and  the  second  part  deals  with  the  latter. 

There  were  two  basic  probleas  with  the  test  plan 
itself:  'an  error  rn  the  fundaaental  design  which  introduced 
nonlinearity  into  the  circuit,  and  the  fact  that  the  test 

't 

plan  aade  no  provision  for  taking  into  account  the  signal  ♦ 
noise  ratio  in  the  receiver  audio  in  the  presence  of  both 
the  desired  and  the  undesired  signals.  The  first  error  would 
sake  any  test  data  aeasured  useless,  and  the  second  leaves 
out  a  very  iaportant  performance  parameter. 

The  intrcduction  of  the  non-linearity  was  brought  about 
by  the  inproper  use  of  the  power  container  in  the  sense 
circuit  (see  figure  2.1).  Since  the  sense  circuit  is 
generally  a  very  high  iapedauce  and  the  power  conbinec  is  a 
reletively  low  inpedance  (usually  50  Chas),  an  iapedance 
aisaatch  occurs.  This  aisnatch  leans  that  the  signal  level 
at  the  input  terainals  of  the  bCF  receiver  can  not  be 
accurately  predicted.  In  crder  to  correct  this  situation, 
the  test  set-up  of  figure  5.7  was  devised.  Mote  that  now  the 


(Janet  cowbiner  is  terninated  xu  the  proper  50,  Oha  iapedance, 
as  ace  the  signal  generators  that  feed  the  systea. 

Without  proper  data  cegardiag  the  signal  ♦  noise  ratio 
xn  the  audio,  there  would  be  no  nay  of  telling  whether  or 
not  the  pilot  would  he  able  to  properly  deteraine  which 
beacon  station  he  was  honing  on,  as  he  aay  not  be  able  to 
pick  the  station  identifier  out  of  the  interference  and 
noise.  The  data  fcra  of  figure  4.1  was  be  used  to  record  the 
signal  ♦  noise  data.  The  pcoceedure  for  taking  this  data  is 
described  in  the  next  chapter. 

After  the  test  set-up  was  wired  and  the  first  receiver 
in  place,  it  was  found  that  tnere  were  probleas  in  the 
hardware  of  the  set-up. 

The  first  problea  to  surface  was  that  BF  leakage 
through  the  cases  of  the  signal  generators  was  being 
directly  radiated  to  the  input  terainals  of  the  receivers, 
causing  totally  erroneous  readings.  Several  signal 
generators  were  tried  before  this  problea  was  solved.  The 
generators  finally  settled  on  were  the  BP-606B  and  the 
General  Radio  1003. 

Ihe  next  problea  encountered  with  the  hardware  was  the 


Figure  4.1  Data  recording  form  for  signal  to  noise  measurements 

in  the  presence  of  both  the  desired  and  undesired  signal. 


leakage  of  the  interconnecting  coaxial  cables  when 
excited  by  relatively  high  SF  Voltages.  This  leakage  caused 
the  saae  general  probleas  as  the  leakage  through  the  cases 
of  the  signal  generators.  This  problea  Mas  solved  by  the  use 
of  shorter  runs  of  cables  which  aust  carry  the  high  level  BF 
and  by  using  lever  signal  generator  levels  and  lover 
attenuation  settings. 

Cnee  these  probleas  were  solved,  testing  vent  along 
■ore  or  less  sacothly  for  the  older  types  of  receivers  which 
did  not  put  any  of  their  active  circuitry  in  the  antenna 
unit.  However,  acre  prebleas  arose  with  the  others.  These 
prolleas  were  centered  around  a  basic  inconpatibility  with 
the  Collins  477U-2  antenna  siaulators. 

In  the  case  of  the  receivers  with  electronics  in  the 
antenna  asseably,  separate  loop  and  sense  terainals  are  not 
usually  available  at  the  receiver.  Instead,  signals  are 
nodulated  and  in  soae  cases  aultiplexed  onto  fewer  cables 
before  being  fed  to  the  receiver.  This  aeans  that  in  order 
to  use  the  Collins  siaulators  and  the  capacitive  voltage 
divider,  the  electronics  aust  be  renoved  froa  the  antenna 
unit  and  excited  separately.  Doing  this  properly  can  be 
difficult  however,  as  the  reaoval  of  the  electronics  froa 
the  antenna  unit  (when  possible)  can  change  circuit 


calibration  paraaatecs  and  take  away  needed  shielding  froa 
the  electronics  unit.  Is  addition,  the  electronics  units  are 
very  closely  aatched  to  the  antennas.  Baking  the  circuit 
parameters  critical.  This  can  cause  coaplications  because 
of  the  necessity  cf  interconnecting  cables  betaeen  the  test 
set-up  and  the  antenna  electronics.  Bach  aanufacturer  has 
its  oun  aethod  of  dealing  nits  this  situation,  and  it  was 
iapractical  and  nneconoaical  to  deal  with  each  situation 
given  the  tiae  and  budgetary  coastraints  of  this  project. 
An  attewpt  was  uade,  however,  to  work  with  the  systea 
antennas  as  units  in  a  siaolated  H-field. 

In  order  to  synthesize  the  H-field  (loop)  portiou  of 
the  AOF  antenna  systea  without  the  use  of  the  Collins 
siauiators,  a  saall  screen  rooa  was  constructed.  A  diagraa 
of  the  screen  rooa  is  shown  m  Figure  4.2.  In  order  to  save 
space  and  tiae,  tne  rooa  was  Bade  physically  saall.  The 
formulas  used  for  deteraining  the  resistor  values  and  the 
"rooa  factor"  were  taken  froa  00-142.  In  this  case,  the  rooa 
factor  being  used  is  30.0,  and  the  input  iapedance  seen  at 
the  input  terainals  is  on  the  order  of  several  thousand 
Ohas.  In  order  to  allow  both  the  desired  and  undesired 
signal  to  be  present  and  to  have  the  siaulated  signals  in 
space  guadrature,  two  crossed  B-field  transmitting  antennas 
were  placed  in  the  room.  The  AOF  antenna  was  then  placed  on 


flGOBE  4.2  Diaqra.  of  the  screen  rooa 


a  aetal  platfora  slightly  raised  above  the  bottoa  of 
the  rooa  to  siaulate  its  presence  on  the  aircraft  fuselage. 
The  sase  capacitive  voltage  divider  as  uas  u^ed  with  the 
Collins  antenna  siaulator  set-up  is  used  to  synthesize  the 
E-field  (sense)  coaponent. 

The  screen  rooa  sorted  fine  for  the  older  typ*  of 
receivers  already  tested,  which  bad  saall  antenna 
asseablies.  However,  when  the  larger  asscably  of  the  Bendix 
ACF-2070  systea  was  installed  in  the  rooa  it  still  did  not 
work.  Since  the  anteaaa  asseaby  of  the  Bendix  systea  was 
very  large  coapared  to  the  size  of  the  rooa  (the  top  of  the 
antenna  was  touching  the  field  siaulator  wires) ,  this  is 
east  probably  the  reason  for  its  failure  to  function 
properly.  Also,  there  was  auch  difficulty  in  trying  to 
siaulate  the  sense  antenna  signal  properly.  This  situation 
was  particularly  difficult  in  the  case  of  the  Bendix  ADF 
systea.  A  telephone  call  to  the  coapany  reguesting  the 
effective  height  and  capacitance  of  the  systen  sense  antenna 
revealed  that  that  particular  coapany  did  not  take  the 
effective  height  and  antenna  capacitance  into  consederation 
in  the  design  process,  and  therefore  was  unable  to  provide 
the  needed  data  for  the  test  set-up. 

Sone  avionics  aaauf acturers  use  a  device  called  a  "TIC 


BCXM  to  aakc  these  tests.  A  lie  Box  is  a  snail,  portable 
screen  rooa  which  has  had  special  elements  added  that  allow 
it  to  siaulate  both  2  and  H  fields.  The  tine  and  contract 
funds  available  did  not  justify  the  construction  of  such  a 
device  at  Ohio  University. 

Unfortunately,  the  1IC  Box  nethod  also  seeas  to  be  the 
best  suited  to  testing  IDF  systens  which  incorporate  part  of 
the  receiver  electronics  in  the  antenna  assenbly.  For 
exanple,  the  Collins  A0F-6Q  systea  has  only  one  BF  feed 
cable  to  the  antenna  unit,  and  a  few  control  lines  carrying 
logical  data.  The  sense  and  both  loop  signals  are 
aultiplexed  onto  this  single  BE  cable. 

It  is  obvious  at  this  point  that  the  provisions  of 
00*142  for  receiver  testing  are  obsolete,  as  they  do  not 
apply  to  the  newer  generation  of  ADF  systens.  Although  each 
aanufacturer  has  now  developed  a  soaevhat  different  approach 
to  these  types  of  tests,  BTC A  should  updata  their  aaterial 
on  test  set-ups  when  00-142  is  revised. 

There  was  also  sone  disagreeaent  as  to  the  proper  way 
to  nake  the  signal  ♦  noise/noise  aeasurenents  in  the 
interference  susceptiblity  stage.  The  question  was  whether 
the  aeasurenents  should  be  taken  in  BECBIVZ  node  or  AOF 
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■ode.  This  necessitated  the  re-aeasareaent  of  about  751  of 
the  signal  to  noise  data.  ill  signal  >  noise/noise  data  in 
this  xeport  Mas  taken  in  EECE1VB  node. 

Ihis  chapter  has  suanatized  the  probleas  encountered  in 
the  coarse  cf  the  project.  The  next  chapter  Mill  describe 
the  rewised  test  set~ups  and  proceedures  used  to  test  the 
older  types  of  receivers,  naaely  the  King  Kfi-86  ,  the  Cessna 
iDF-300  (two  receivers),  and  the  Collins  51T-7. 
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Chapter  5  :  Testing  Proceedures 

After  the  probleas  io  the  test  plan  were  accounted  for 
and  corrected,  test  set-ups  for  receiver  perfcraance 
verification  and  AOF  interference  susceptibility  were 
devised,  lhese  set-ups  and  detailed  instructions  for  their 
use  for  eating  the  tests  described  in  chapter  three  are  the 
subject  of  this  chapter.  It  should  be  eaphasized,  however, 
that  these  procedures  work  only  for  the  older  types  of  AOP 
receivers  which  do  not  incorporate  electronic  circuitry  in 
their  antennas.  The  probleas  which  arose  with  these 
receivers  were  discussed  in  the  previous  chapter. 

The  test  set-up  for  pertoraance  verification  is  shown 
in  figure  5.1.  It  consists  of  three  aajor  parts:  the  signal 
source,  the  radio  frequency  field  siaulator,  and  the  audio 
section. 

The  signal  source  is  a  Hewlett-Packard  aodel  606-B 
signal  generator  with  an  HP-5245L  frequency  counter.  This 
generator  was  caoseu  because  of  its  low  signal  leakage.  '  Io 
order  to  properly  test  the  receiver,  the  signal  generator 
oust  be  capable  of  providing  both  CM  (Continuous  Have)  and 
ACM  (flodulated  CM  (30-851))  signals.  Additional  resolution 
in  output  level  without  changing  the  output  level  vernier  of 
the  generator  is  provided  by  a  set  of  HP  click  attenuators 
at  the  output  of  the  generator.  These  attenuators  provide  1 
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dfl  steps  in  output  level.  The  signal  is  split  by  a 
Uerlatone  power  combiner  (acting  as  a  splitter)  before  being 
fed  to  the  HF  field  simulator.  It  is  ceconnended  that  the 
signal  generator  output  level  and  Modulation  be  checked  for 
proper  calibration  before  testing  begins.  It  should  also  be 
noted  that  the  use  of  the  power  coabiner/splitter  in  the 
circuit  causes  a  three  dfi  reduction  in  the  output  level  of 
the  signal  source.  To  correct  for  this  error,  the  person 
taking  the  aeasurenents  should  subtract  three  dB  fron  the 
indicated  signal  level  at  the  generator.  For  example,  if 
the  signal  generator  reads  C  dfla,  the  first  click  attenuator 
10  dB,  and  the  second  click  attenuator  0  dB,  the  corrected 
signal  level  would  be  -13  dfis. 

The  BF  field  sinulator  consists  of  two  Collins  477U-2 
antenna  sinulater  boxes,  a  50  Ohn  pick-off  termination,  a  50 
Oha  dunay  load,  and  a  capacitive  voltage  divider  network. 
In  order  to  aake  the  siaulators  appear  as  a  very  high 
iapedance  the  51  Oha  resistors  were  reaoved  fron  the  input 
circuits  of  the  477U-2  siaulators.  This  change  is  narked  on 
the  scheaatic  of  figure  5.2.  The  reguired  50  Oha  termination 
for  the  signal  source  is  now  supplied  by  the  50  Cha  pick-off 
and  the  50  Cha  duaay  load.  The  sample  supplied  by  the  pick- 
off  is  routed  through  the  capacitive  voltage  divider  network 
to  supply  the  proper  signal  to  the  sense  antenna  input 
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FIGURE  5.2  Schenatic  diaqcan  of  Collins  477U-2  Antanna 


simulator  showing  removed  51  Ohs  resistor. 


terminals  of  the  receiver. 


The  Capacitive  voltage  divider  network  is  depicted  in 
figure  5.3.  In  order  to  determine  the  proper  values  it  is 
necessary  to  knew  the  effective  height  (He)  and  the 
capacitance  (Ca)  of  the  ACf  system  sense  antenna.  The  values 
for  the  capacitors  can  then  be  determined  fron  the  following 
foraulas  £3]: 

Cs  ♦  Cp  =  ca  (10*  tolerance) 

Cs  =  Heca  (10*  tolerance) 

All  capacitances  are  is  pico-Farads. 

The  audio  section  consists  of  two  switched  subsections. 
The  first  is  a  General  Badio  583-A  output  power  neter  and  an 
HP  33CB  harnonic  distortion  analyzer.  The  second  is  a  two- 
channel  tape  recorder,  nicrophone  and  an  anplifier  for 
aonitoring  the  audio  output  of  the  receiver.  Mote  that  the 
tape  recorder  is  not  used  in  the  performance  verification 
stage,  but  is  left  in  the  set-up  in  order  to  facilitate  the 
switchover  to  the  interference  susceptability  stage  of  the 
testing. 
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FIGUfiE  5.4  Set-up  used  to  verify  the  calibration  of  the 


signal  generator  output  aeters 


The  set-up  of  figure  5.4  should  be  used  to  check  the 
calibration  of  the  output  of  the  signal  source.  The 
voltaeter  should  be  a  selective  voltieter  such  as  the 
Fairchild  EHC-25.  The  £(1025  has  an  accuracy  of  2  decibels 
throughout  its  range.  Checks  should  be  uade  approxiaately 
every  50  kHz  in  the  range  of  200  -  50C  kHz. 

The  set-up  of  figure  5.5  should  be  used  to  verify  the 
percentage  of  aodulation  (when  NCH  is  used)  since  the 
aodulation  meter  on  the  HE-606A  is  valid  only  for  a  full- 
scale  reading  au  the  output  level  aeter.  The  technigue  used 
to  aeasure  the  percentage  ifl  aodulation  is  the  trapezoidal 
aodulation  uavefoca  technigue  14]. 

The  trapezoidal  uavefoca  generated  on  the  oscilloscope 
and  the  foraula  used  to  deteraine  the  percentage  aodulation 
ace  depicted  in  figure  5.6.  also  shoun  are  typical  uaveforas 
for  amplitude  modulation  of  less  than  100X,  100X,  and 
ovecaodulation  (greater  than  100X) .  The  trapezoidal  uavefoca 
is  generated  by  the  correspondence  of  the  "peaks"  and 
"valleys'*  of  the  aodulation  uavefora  uitb  the  peaks  and 
valleys  of  the  coaposite  AH  signal. 

Before  testing  can  proceed  one  must  determine  an  audio 
signal  level  known  as  "reference  output",  fieference  output 
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Oscilloscope 


FIGOHE  5.5  Set-up  used  to  seasuce  the  percentage  of  *8 
aodulation  of  the  signal  generator. 
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TRAPEZOIDAL  MODULATION 
PATTERN 


Modulation  percentage 

^mo»  ~  cmin 

- r -  x 

*mo»  ♦  in 


too 


PROJECTION  DRAWING  SHOWING 
TRAPEZOIDAL  PATTERN 


LESS  THAN  IOO%  MODULATION  100% 

MODULATION 


OVERMODULATION 


Figure  5.6  Representative  trapezoidal  modulation 
waveforms  and  their  interpretation. 
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is  defined  (for  a  receiver  without  an  Rf  gain  control) 
as  that  audio  output  power  produced  by  an  input  signal  of 
100  aicro-Volts/aeter  with  the  sane  audio  gain  control 
setting  as  that  which  produces  the  aaxiaua  audio  output 
power  with  no  sore  than  251  distortion,  when  the  BP  input  is 
.5  Volts/aetez.  The  input  signal  for  this  test  is  to  be 
nodulated  JOB  at  one  kiu  [5].  Ihe  proceedure  for  finding  the 
reference  output  is  as  follows: 

1)  Set  signal  generator  to  a  freguency  in  the  aiddle 

of  the  treguency  band  in  guestion  (  say  300  kHz  ). 

2)  Set  signal  source  to  .5  V  (renenher  to  add  3  dB, 

aaking  the  generator  output  aeter  read  .707  V) 


3) 

Set  aodulation  to  30  i 

«) 

Find  aaxiaua 

audio  gain  control 

setting  which 

will 

still  have 

a  total  haraonic 

distortion  of 

less 

than  252 


5)  Beduce  signal  source  output  to  100  aicro-Volts  ( *3 
dB  =  14C  nicro  Volts  at  generator  output) 


6)  Bead  reference  output  level  on  output  power  aeter 
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and  record 

The  next  performance  test  is  the  receiver  sensitivity. 
The  needed  quantity  is  the  level  of  signal  necessary  to 
achieve  a  6  dfl  signal  ♦  noise/aoise  ratio  in  the  audio 
output.  Mote:  Sone  manufacturers  have  more  stringent 
requirements.  Sben  these  requirements  exist  the  appropriate 
numbers  should  be  substituted  in  place  of  the  6  dB  figure 
used  in  this  section.  this  test  should  be  performed  for 
both  ADF  and  BECE1VB  mode  [5],  and  should  be  made  for  every 
50  kHz  increment  of  frequency  in  the  band  200  -  500  kHz. 

The  folloving  procedure  should  be  used: 

1)  Set  signal  source  output  to  0  dBm  (signal  generator 

to  *3  dBm) 

2)  Set  both  antenna  simulator  resolvers  to  NOBTH 

3)  Set  modulation  of  signal  source  to  1  kHz,  30*  AH  and 

set  frequency  with  to  the  receiver  setting  with 
the  counter. 

4)  Set  receiver  audio  output  level  to  20  *  of  reference 

output 
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5)  Shut  off  aodulation 


6)  If  the  drop  in  receiver  audio  output  power  is  about 

6  d£  when  perforaing  step  5  then  go  to  step  8. 

7)  Adjust  signal  level  :  Go  to  step  4 

8)  Hecord  signal  level.  This  is  the  sensitivity  of  the 

receiver  in  this  node  at  this  fregaency. 

The  neat  test  to  be  nade  is  the  receiver  selectivity 
test.  This  test  is  nade  only  ia  BHCE1VE  node  and  deteraines 
the  receiver's  ability  to  reject  signals  on  frequencies 
other  than  the  desired  one.  This  test  should  be  repeated 
every  50  kHz  in  the  fregueacy  band  of  interest.  The 
follouing  proceedure  should  be  used: 

1)  Select  frequency,  set  signal  source  for  30ft  AN 

nodulation  at  1  kHz 

2)  Set  signal  level  for  6  dB  (S*H)/M  using  20ft  of 

reference  audio  output. 

3)  Add  n  dB  (n  ■  6,12,50,55,70,80  dB) 
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4)  Tune  generator  below  desired  frequency  until  20%  of 

reference  output  is  present  in  audio. 

5)  Becord  frequency 

6)  Tune  generator  above  desired  frequency  enitil  20X  of 

reference  output  is  present  in  audio 

7)  Becord  frequency 

8)  The  frequencies  just  recorded  are  the  upper  and 

lower  n  dB  points  of  the  receiver  selectivity 

curve. 

9)  Go  to  step  3  until  all  values  of  n  are  exhausted 

10)  Go  to  step  1  for  next  frequency 

The  next  test  is  for  IDF  bearing  accuracy.  This  test 
■easures  the  ability  of  the  receiver  to  indicate  the  proper 
bearing  with  all  other  conditions  being  ideal,  obviously 
this  test  oust  be  aade  in  IDF  node.  This  test  was  repeated 
for  signal  levels  of  -70,  -50,  -10,  and  *7  d£a  in  order  to 
get  a  good  representation. 
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1)  Set  both  simulator  needles  to  0  degrees 

2)  Becocd  indicated  bearing. 

3)  Rotate  the  resolvers  on  the  simulators  clockHi.se  by 

15  degrees  £3]. 

4)  fiecord  indicated  bearing. 

5)  If  sinulated  bearing  is  not  0  degrees  then  go  to 

step  3. 

6)  finished 

The  last  performance  test  to  be  done  is  the  Image 
rejection  test.  This  test  should  be  performed  in  RECEIVE 
mode  at  100  kHz  increments.  Eroceedure: 

1)  Set  signal  generator  freguency. 

2)  Set  modulation  to  30X  at  1  kHz. 

3)  Set  signal  generator  output  level  and  audio  gain 

control  to  produce  20X  of  reference  output. 
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4)  Becocd  signal  level 


5)  Set  signal  generator  to  ieage  freguency 

6)  Increase  signal  level  until  20S  of  reference  output 

is  present  in  receiver  audio 

7)  Record  difference  in  signal  level  between  steps  4 

and  6. 

lbe  uuiber  in  step  7  is  the  mage  rejection  in  du  for 
the  freguency  of  step  1. 

The  test  configuration  for  the  *DF  interference 
susceptibility  tests  is  shown  in  figure  5.7.  The  test  set¬ 
up  consists  of  four  aajor  parts:  the  desired  signal  source, 
the  undesired  signal  source,  the  BF  field  simulator,  and  the 
audio  chain. 

The  desired  signal  source  consists  of  the  HP  606-B 
signal  generator,  an  audio  signal  generator,  and  a  telegraph 
hey.  For  eost  measurements  the  desired  signal  source 
provides  either  CM  or  HCH  (051)  without  the  necessity  of 
keying  by  using  its  internal  1  kHz  nodulation  source. 
However,  for  deteznining  the  effects  of  interference  on  the 


«1 


Undftirtd 
Signal  Source 

Figure  S.7  The  test  set-up  used  to  Measure  interference 
suscepuoility  • 
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pilot's  ability  to  recognize  the  HDti  statioo 
identifier,  it  is  necessary  to  use  the  external  keyed  source 
to  generate  an  artificial  station  ID.  The  desired  signal 
source  provides  c k  and  BCH  signals  to  the  BF  field  siaulator 
section.  Its  freguency  can  be  checked  by  the  BP  5245L 
counter. 

The  undesired  signal  source  consists  of  a  General  Radio 
1003  signal  generator,  a  click  (IdB  steps)  attenuator,  and 
an  FSK  generator  which  was  constructed  for  these  tests  (see 
chapter  6) .  FSK  modulation  is  acconplished  by  feeding  the 
output  of  the  FSK  generator  through  a  level  shifter  into  the 
external  modulation  inputs  of  the  signal  generator  and  using 
this  signal  to  freguency  modulate  the  generator.  The  data 
"transmitted"  by  the  FSK  source  is  part  of  a  paragraph  from 
a  semiconductor  data  book.  The  undesired  signal  source 
provides  CH  and  FSK  signals  to  the  field  simulator.  Its 
freguency  can  be  checked  uith  the  UP  counter. 

The  BF  field  simultor  section  is  somewhat  different  in 
configuration  from  the  one  used  in  the  performance 
verification  set-up  but  is  very  similar  in  function.  This 
section  consists  of  two  Collins  477 0-2  antenna  simulators,  a 
50  Ohm  potter  combiner  (3dB  Hybrid)  ,  a  50  Ohm  pick-off 
termination,  and  the  capacitive  voltage  divider  network 


described  earlier  in  this  chapter.  The  51  Qha  resistors  have 
been  reaoved  froa  the  input  circuits  of  the  siaulators  in 
order  to  aake  thea  appear  as  a  very  high  iapedaoce  input. 
The  power  combiner  reflects  the  50  Oha  iapedaace  of  the 
pick-off  teraination  back  to  its  input  ports  rn  order  to 
properly  terninate  the  signal  sources.  The  pick-off  side  of 
the  teraination  sees  the  high  iapedance  of  the  capacitive 
voltage  divider  network  and  the  ADF  receiver,  so  there  is 
effectively  no  load  on  it. 

lhe  audio  chain  consists  of  a  General  Badio  583-A 
output  power  aeter,  an  HP-130B  haraonic  distortion  aoalyzer, 
a  two  channel  tape  recorder,  and  an  aaplifrer  for  aonitoring 
both  channels.  The  output  power  aeter  and  the  haraonic 
distortion  analyzer  are  used  in  the  susceptibility 
aeasureaent  phase  to  aonitor  the  signal  ♦  noise/noise  ratio 
in  the  receiver.  At  all  other  tines  the  receiver  output  is 
switched  through  the  2-channel  recorder  and  the  audio 
aaplrfier.  The  second  channel  is  used  by  the  operator  to 
coaaent  on  the  aeasureaent  currently  being  recorded.  The 
audio  output  cf  the  ADF  receiver  is  always  terainated  in  its 
rated  output  iapedance. 

All  aeasureaeats  in  the  interferance  susceptibility 
testing  phase  are  recorded  on  the  standard  foras  discussed 
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earlier  in  ibis  report 


As  Mentioned  earlier,  both  signal  generators  should  be 
cnecked  against  a  selective  voltneter  to  insure  accuracy.  In 
addition,  uhen  using  FSK,  the  undesired  signal  source  nust 
be  calibrated  to  produce  the  proper  200  Hz  shift  at  the 
fceguency  ic  guestion.  Figures  5.8-A  and  B  show  the  set-up 
for  calibrating  the  FSK  generator  and  level  shifter. 

First,  the  output  of  the  level  shifter  should  be 
renoved  frou  the  input  of  the  signal  generator  as  shoun  in 
Figure  5.8-A.  The  frequency  of  the  generator  should  then  be 
set  nith  the  counter  to  the  desired  freguency.  Beit,  the 
sinus  power  supply  should  be  hooked  up  to  the  generator 
xnputs  as  shoun  in  Figure  5.8-S  and  the  voltage  adjusted  so 
as  to  produce  a  100  Hz  shift.  The  oscilloscope  should  then 
be  set  for  DC  input  and  this  level  narked  on  the  screen  with 
a  felt-tip  pen  {this  type  is  easy  to  wipe  off  later).  Beit, 
the  power  supply  leads  should  be  reversed  and  the  sane 
proceedure  followed.  The  level  shifter  can  now  be  hooked  up 
again,  and  the  power  supply  renoved.  The  scope  should  be 
left  in  the  circuit  henceforth  for  later  calibration.  Hith 
the  FSK  generator  turned  on,  the  FSK  generator  output  and 
the  two  power  supplies  for  the  level  shifter  should  be 
adjusted  so  that  the  0-1  binary  levels  at  the  input  to  the 


(B) 


Figures  5.8A  and  B  Calibration  of  the  system  when 

generating  FSK  signals. 
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Measurement  Associated  with  Configuration  1 


signal  generator  fall  on  the  sacks  previously  aade  on 
the  oscilloscope  face.  Mote  that  these  levels  ace  frequency 
dependent  and  aust  be  re-aeasured  for  each  desired 
freguency.  Hith  the  level-shifter  power  supplies  on  and  the 
FSK  generator  OFF,  the  desired  freguency  can  now  be  set  with 
the  counter.  lurning  the  FSK  generatoc  Oh  will  cause  the 
generation  of  2C0  Hz  shift  FSK  aodulation. 

Mow  that  the  set-up  is  calibrated,  the  interference 
susceptibility  aeasureaents  can  be  aade.  There  are  two 
aeasureaents  to  be  aade  in  this  stage:  IDF  bearing  error, 
and  signal  ♦  noise/noise  in  the  audio.  Note  that  now  the 
antenna  siaulatars  are  set  in  space  guadrature  so  that  the 
undesired  signal  will  try  to  "pull"  the  needle  away  froa  the 
desired  bearing. 

For  a  listing  of  all  the  test  conditions  refer  to  Table 
5.1.  This  table  lists  all  the  settings  of  desired  signal 
level,  freguency,  and  aodulation  type  that  should  be  used  in 
order  to  obtain  a  good  data  set.  This  table  was  taken  froa 
the  test  plan  £2].  Far  each  of  these  10  settings,  it  is 
necessary  to  vary  both  the  difference  in  frequency  between 
the  desired  and  undesired  signals,  and  the  level  of  the 
undesired  signal.  The  results  of  these  variations  will  be  a 
set  of  data  points  which  should  be  recorded  on  the  standard 
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foias  depicted  in  earlier  chapters  of  this  report.  The 
values  of  delta~f  (freguencj  difference  between  the  desired 
and  andesired  signals)  for  the  set  of  neasurenents  were 
chosen  to  be  plus  and  ninus  .25,  1,  3,  6,  and  12  kHz.  The 

following  proceedure  should  be  used  to  leasure  the  tearing 
error  and  signal  ♦  noise/noise  data. 

1)  Set  desired  signal  source  with  a  freguencj  counter, 

set  output  level  to  desired  level  for  the 
particular  leasureaent.  The  freguencj  should 
■atch  the  receiver  dial  freguencj.  Beaeiber  to 
compensate  for  the  three  dB  loss  in  the  power 
cowtiner 

2)  Set  the  undesired  signal  freguencj  to  the  first 

value  of  delta-f. 

3)  Varj  the  level  of  the  undesired  signal  level  in  such 

a  nanner  as  to  obtain  enough  data  points  to  fit  a 
smooth  curve  with  respect  to  bearing  error  and 
undcsircd  signal  level.  Host  iaportant,  deteraine 
the  three  degree  hearing  error  point. 

4)  Becord  the  values  aeasured  in  step  3  on  the  fora 

provided  (see  figure  2.4). 
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5)  For  this  value  of  delta-f,  find  the  undesired  signal 

level  which  degrades  the  sigoal  ♦  noise/noise 
ratio  it  the  receiver  audio  io  RECEIVE  node  to  6 
d£. 

6)  Record  the  nuaber  aeasured  in  step  5  on  the  fora 

provided  (see  Figure  4.1). 

7)  Repeat  steps  two  through  six  for  all  the  given 

values  of  delta  f  for  the  aeasureaent  being  done. 

6)  Repeat  steps  one  through  seven  for  all  the  entries 
in  table  5.  1. 

This  chapter  has  provided  a  description  of  how  the 
aeasareaents  that  were  possible  were  perforaed.  Again  it 
should  be  noted  that  these  proceedures  only  worked  for  the 
older  types  of  receivers,  lhe  next  chapter  provides  a  full 
description  of  the  FSK  generator  and  its  interface  to  the 
General  Radio  1003  signal  generator. 
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Chapter  6:  The  FSK  Generation  Scheme 

Cue  of  the  required  tests  involves  the  use  of  FSK 
(Frequency  Shift  Keying)  aodulation  of  the  undesiced  signal. 
Since  there  uas  no  provision  built  into  the  General  Hadio 
1003  for  FSK  modulataion,  and  no  convenient  source  of  data 
to  te  "transmitted",  it  uas  decided  to  design  and  build  a 
unit  uhich  uould  simulate  the  transmission  of  FSK  signals. 
This  chapter  describes  the  design  and  construction  of  the 
FSK  siaulator  and  its  interface  to  the  General  Badio  100J 
signal  generator. 

Since  neither  the  test  plan  or  the  PLC  radiation  report 
£1]  specify  the  type  of  data  to  be  "transmitted"  via  FSK, 
standard  1EIETVEE  signals  mere  chosen.  This  means  that  the 
data  to  re  transmitted  must  be  BAUDOT  encoded  and  adjusted 
to  one  of  the  standard  speeds.  The  standard  speed  of  75  baud 
is  specified  in  the  PIC  report,  and  30  baud  in  the 
measurement  plan.  Since  75  baud  is  standard  and  30  is  not  , 
it  uas  assumed  that  the  30  baud  specification  uas  a 
typograpical  error  and  75  baud  uas  used. 

luo  other  features  uere  desired  in  the  design.  These 
mere:  variable  output  (  0-5  Volts  )  and  the  ability  to 
single-step  through  the  transmitted  data  character  by 
character.  Ihe  completed  design  is  depicted  schematicly  in 


FIGURE  6.1  Schematic  diagram  of  the  FSK  generator 


1  he  Message  to  tie  tcanseitted  (  pact  of  a  paragraph 
froi  a  data  took  )  is  contained  in  the  170 2-A  EPBOH ,  which 
is  addressed  sequentially  by  the  chained  set  of  7493  binary 
up-down  counters  set  for  count-up.  Since  BAUDOT  is  a  5 
level  code,  cnly  bit  positions  Dl-05  of  the  EPBOH  are  used. 
These  pins  are  connected  to  the  data  inputs  of  the  HH5J03 
UAB1.  The  UABT  adds  a  start  bit,  1.5  stop  bits  (  BAUDOT 
convention  )  ,  and  does  a  parallel  to  serial  conversion. 
The  data  output  pin  of  the  UABT  is  then  connected  to  a 
potentiometer  ,  and  the  output  taken  froa  the  center  wiper 
so  that  the  output  level  can  be  controlled.  The  ceaainder 
or  the  PSK  siaulator  provides  timing  signals  to  the  UABT  and 
counters,  and  provides  switched  control  froa  the  front 
panel. 


To  achieve  the  75  baud  transmission  rate,  the  UABT  must 
have  a  timing  sigcal  at  16  X  75,  or  1200  Hz.  This  signal  is 
generated  by  the  three  inverter  oscillator  circuit.  The  4024 
counter  and  7406  AND  gate  provide  a  divide  by  16  counter  to 
provide  a  data  strobe  for  the  UABT  and  an  advance  signal  to 
the  binary  up-dovn  counters.  The  tuo  inverters  in  the 
active-low  Ids  pin  of  the  UABT  provide  a  delay  to 
synchronize  the  data-latch  with  the  output  of  the  1702 
EEBCH.  The  555  timer  chip  is  simply  wired  as  a  one-shot 
circuit  to  allow  single  stepping  of  the  1702's  data. 
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the  FSK  generator  requires  two  power  supplies,  one  at 
♦5  Volts,  and  one  at  -9  Volts. 

the  0-5  Volt  output  of  the  FSK  generator  is  not 
sufficient  to  properly  nodulate  the  General  Badio  1003 
signal  generator  in  FH  node  to  provide  the  desired  200  Hz 
frequency  shift,  to  renedy  this  situation  the  level  shifter 

of  figure  6.2  was  devised.  This  circuit  is  siaply  a  CA4050 

* 

acting  as  a  level  shifter.  to  adjust  the  1-0  threshold 
voltages,  one  need  only  adjust  the  plus  or  sinus  power 
supplies  in  conjunction  with  adjusting  the  output  level  of 
the  FSK  generator. 

the  level  shifter  reguires  two  variable  power  supplies, 
one  each  at  plus  and  sinus  10  Volts. 

To  FB  soda late  the  General  Badio  1003  signal  generator 
with  the  square  wave  output  of  the  level  shifter,  the  level 
shirter  needs  to  be  coupled  into  the  1003  via  a  socket  on 
the  rear  panel.  The  aodulation  selector  is  then  rotated  to 
"ill  AC".  Hhen  the  level  shifter  is  properly  calibrated  ( 
see  chapter  5  ),  and  the  FSK  generator  powered  on,  the 
output  of  the  signal  generator  is  a  200  Hz  shift  FSK  signal. 

This  chapter  has  provided  a  description  of  the  FSK 
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generation  technique,  the  next  chapter  will  discuss  the 
results  obtained  vhen  the  aeasureaeats  of  chapter  three  were 
aade  using  the  techniques  of  chapter  five,  incorporating 
(aiong  other  things)  the  fSK  techniques  discussed  in  this 
chapter . 
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Chapter  7  :  Test  Results  and  Comparison  with  Published  Data 

This  chapter  is  a  suaaary  of  the  results  of  the 
perforaance  verification  tests  and  the  ADP  interference 
susceptibility  tests.  The  receivers*  conpliance  kith  the 
nanuf acturers *  specifications  is  discussed,  and  then  the 
iuteferance  susceptibility  data  is  analyzed  for  correlation 
urth  the  undesired  and  desired  signal  levels  versus  the 
difference  in  freguency  between  the  two.  The  interference 
susceptibility  data  is  then  coapared  to  the  existing  BTC A 
specifications  (  00-137  and  00-142  )  and  to  the  data 
reported  by  Kissick  £1,2]. 

Generally  speaking,  the  receivers  which  could  be  tested 
had  little  trouble  aeeting  their  aanufacturer *s 
specifications. 

Figures  7.1  through  7.4  represent  the  three  degree 
bearing  error  points  for  the  Xing  Kfi-86,  the  two  Cessna 
ADF-3G0,  and  the  Collins  511-7  ADF  receivers  plotted  with 
respect  to  the  desired  to  undesrred  (0/0)  signal  ratio  and 
the  difference  in  freguency  (Delta  f)  between  the  desired 
and  undesired  signals.  The  three  degree  bearing  error 
points  define  the  boundaries  of  an  area  inside  which  haraful 
interference  will  occur.  As  can  be  seen  froa  the  figures, 
the  shape  of  the  curve  is  siaply  the  selectivity  curve  of 
the  receiver.  Also  plotted  on  the  figures  are  the 
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D/U  IK  OB  FOB  3  DEG.  BEflRIKG  ERROR 

Figure  7.1  Three  degree  bearing  error  points  versus  D/U  and  delta-f  for  King  KR-86  receiver 
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2  COLLINS  51Y-7  RECEIVER 
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selectivity  curves  specified  in  DO-142  category  A 
(♦3dfi,  to  allow  for  a  3  dfi  HDd  station  nonitor  tolerance) 
and  6C50.10.  As  can  be  seen,  the  specifications  of  both 
were  net  by  all  the  receivers  tested. 

figures  7.5  through  7.8  are  the  sane  three  degree 
bearing  error  points  as  were  plotted  in  figures  7.1  through 
7.4.  However,  this  tine  they  are  plotted  with  respect  to  the 
absolute  undesired  level  and  delta-f.  It  should  be  obvious 
that  there  is  no  correlation  between  the  absolute  undesired 
level  and  the  three  degree  bearing  error  points,  as  there  is 
no  distinct  boundary.  In  other  words,  it  is  inpossible  when 
refering  to  this  curve  to  deternine  when  interference  will 
occur. 


figures  7.9  through  7.12  ace  essentially  the  sane  as 
figures  7.1  through  7.4  except  that  now  the  quantity  being 
plotted  is  the  point  where  the  signal  ♦  noise/noise  ratio  in 
the  receiver  audio  drops  below  six  dfi.  As  can  be  seen  froa 
an  exanination  of  the  figures,  a  distinct  boundary  curve  is 
again  foraed  by  the  points. 

Figures  7.13  through  7.16  are  also  plots  of  the  6  dfl 
signal  ♦  noise/noise  breakover  points,  and  as  in  figures  7.5 
through  7.8  they  ace  plotted  with  respect  to  the  absolute 
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Figure  7.5  Three  degree  bearing  error  points  versus  absolute  U-level  for  King  KR-86 
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+  noise/noise  breakover  points  versus  D/U  for  the  first 
'0  receiver. 
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KING  KR-86  RECEIVER 


Figure  7.13  Six  dB  signal  +  noise/noise  breakover  points  versus  U  for  the  King  KR-86 
receiver. 
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igure  7.15  Six  dB  signal  +  noise/noise  breakover  points  versus  U  for  the  second 
Cessna  ADF-300  receiver. 
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Figure  7.16  Six  dB  signal  +  noise/noise  breakover  points  vers 
51Y-7  receiver. 


undesired  signal  level.  As  in  the  three  degree  bearing 


error  plots,  no  correlation  can  be  seen  between  the 
interference  threshold  and  tne  absolute  undesired  signal 
level. 


Figures  7.17  through  7.20  are  plots  of  the  three  degree 
bearing  error  points  with  respect  to  the  desired  to 
undesired  signal  ratio  and  the  absolute  undesired  signal 
level.  An  inspection  of  these  figures  shows  that  the  tread 
is  for  the  different  syabcls  representing  different  values 
of  delta-f  to  cluster  around  a  narrow  range  of  values  for 
the  D/U  ratio  while  being  very  spread  out  over  the  range  of 
absolute  undesired  level.  This  leads  to  the  conclusion  that 
the  susceptability  of  the  AOF  systen  to  interference  froa  an 
undesired  signal  is  priaarily  correlated  to  the  ratio  of  the 
desired  to  the  undesired  signal  levels. 

Figures  7.21  through  7.24  are  the  sane  types  of  graphs 
as  figures  7.17  through  7.20  except  that  now  the  6  dB  signal 
♦  noise/noise  breakover  points  are  being  plotted.  The  saae 
general  conclusion  can  be  drawn  froa  these  graphs  as  were 
drawn  froa  the  bearing  error  graphs  of  the  previous 
paragraph. 

Since  it  has  been  deterained  by  siaple  graphical 
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Figure  7.17  Three  degree  bearing  error  points  with  respect  to  U,D/U,  and  delta- 
for  the  King  KR-86  receiver. 
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Figure  7.18  Three  degree  bearing  error  points  with  respect  to  U,D/U,  and  delta- 
for  the  first  Cessna  ADF-300  receiver. 
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Figure  7.19  Three  degree  bearing  error  points  with  respect  to  U,D/U,  and  delta- 
for  the  second  Cessna  ADF-300  receiver. 
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KING  KR-86  RECEIVER 


Figu"r‘  7.21  Six  dB  signal  +  noise/noise  breakover  points  with  respect  to  U,D/U,  and 
delta-f  for  the  King  KR-86  receiver. 
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Figure  7.22  Six  dB  signal  +  noise/noise  breakover  points  with  respect  to  U,D/U,  and 
delta-f  for  the  first  Cessna  ADF-300  receiver. 
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Figure  7.24  Six  dB  signal  +  noise/noise  breakover  points  with  respect  to  U,D/U 
and  delta-f  for  the  Collins  51Y-7  receiver. 


inspection  that  the  interference  susceptibility  of  the 
aircraft  AO f  systea  is  primarily  dependant  on  the  D/U  ratio. 


a  detailed  statistical  analysis  is  unnecessary. 

because  of  the  pcobleis  associated  with  the  original 
test  set-up  described  by  the  test  plan  and  the  PLC 
interference  report  [1,2],  the  recener  susceptibility  data 
obtained  when  it  Mas  used  are  unreliable.  In  one  case,  this 
data  suggested  that  interference  would  not  occur  when  the 
uudesired  signal  was  only  2S0  ttz  separated  froa  the  desired 
and  nearly  1J  dfi  stronger.  The  data  gathered  with  the  test 
set-up  described  in  this  report,  however,  aakes  auch  aore 
sense  in  light  cf  practical  knowledge  of  the  characteristics 
of  coaauuications  receivers. 

This  chapter  bas  suaaanzed  the  results  obtained  by 
tnis  pnase  of  the  project.  The  next  chapter  provides  a 
suaaary  of  this  report. 
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Chapter  8  :  Senary  aad  Becoaaendations 

this  report  has  suaaarized  the  relevant  work  previously 
done  in  the  area  of  AOF  receiver  interference  susceptibility 
testing,  and  has  presented  the  latest  work  in  this  area.  The 
significant  results  obtained  by  this  work  and 
reconaendations  based  on  these  results  are  the  subject  of 
this  chapter. 

It  was  found  that  the  aeasureaent  proceedure  described 
in  the  test  plan  £1]  was  in  error  due  to  several  fundaaental 
protieas.  A  corrected  plan  which  works  for  soae  of  the  ADF 
systeas  on  the  aarket  today  has  been  presented  in  chapter 
five  with  the  given  constraint  that  it  is  only  valid  for  the 
older  types  of  ADF  systeas  which  do  not  incorporate  active 
receiver  circuitry  in  their  antenna  asseablies. 

It  has  been  shown  that  the  provisions  of  DO-142 
regarding  receiver  testing  are  obsolete.  Although  each 
aanufacturer  now  has  a  different  aethod  of  aaking  the 
reguired  tests,  BCTA  should  update  their  aaterial  on  test 
setups  when  DC-142  is  revised. 

It  has  also  been  deaoastrated  that  the  susceptibility 
of  an  ADF  systea  to  interference  fron  an  uadesired  signal  is 
only  dependent  on  the  desired  to  uadesired  signal  ratio  and 
not  on  the  absolute  levels  cf  the  uadesired  signal. 
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List  of  Acroayas 


ADF  -  Automatic  Direction  Finder 


BAUDOT  -  A  standard  5-level  code  used  foe  traasaissioa 
of  digital  data  such  as  teletype  signals. 


CM  -  Continuous  have  node  of  traasaissioa 


D  -  Desired  signal  level 


C/U  -  Desixed  to  Oadesiced  signal  ratio 


£-■  -  The  'Bast-Nest'  loop  of  the  ADI  systea. 


EFBCB  -  Eraseable  Crograaaable  Bead  Only  fleaory 


FAA  -  federal  Aviation  Adaiaistration 


ICC  -  federal  Coaauaicatioas  Coaaission 


fSX  -  Freguency  Shift  Keying 


HOB  -  Ion-Directional  Beacon 


l-S  -  the  'lorth-South '  loop  of  the  AOF  systea 
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Badio  fxeqaancj 


-  a  pic  on  the  UABT  chip*  refer  to  f igace  6.1 


Undesixed  signal  late! 


-  universal  Asynchronus  Beceiver  /  Transmitter 


